Abstract. Singapore reported the elimination of malaria in 1982, but this country remains vulnerable to imported malaria. We describe a large cluster of 16 cases of imported Plasmodium falciparum malaria in visiting Nigerian students. More than half were asymptomatic and diagnosed only on screening.
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We report a series of 16 cases of P. falciparum malaria treated at our institution over a two-week period in 2005. They form most of a larger cluster of 21 cases of imported malaria among a group of expatriate Nigerians who had recently arrived in Singapore for further studies. 6 On September 17, 2005, seven Nigerian men came to our hospital with P. falciparum malaria. The demographic and clinical characteristics of these patients are shown in Table 1 (patients A-G). None had a rash or hepatosplenomegaly on clinical examination. The duration of their symptoms before coming to the hospital ranged from 2 to 4 days. Patient C was hypovolemic and hypotensive at presentation from vomiting and was monitored in an intensive care unit.
The diagnosis in every case was made within 24 hours of admission via visualization of P. falciparum ring forms on thick and thin blood smears stained with Giemsa. The parasite load at presentation ranged from 0.6% to 4.4%. Quantitative parasitemia was determined on a daily basis. No gametocytes were observed. Two patients (B and F) also tested positive for IgM to dengue (dengue IgM antibody enzymelinked immunosorbent assay; Focus Diagnostics, Cypress, CA). Six patients received a seven-day course of oral quinine sulfate, 600 mg three times a day, and doxycycline, 100 mg twice a day. Patient C was initially prescribed intravenous quinine sulfate because of vomiting, but was switched to oral quinine sulfate and doxycycline once vomiting had resolved. One patient (B) discharged himself against medical advice one day after admission and his outcome is unknown. He was prescribed a full seven-day course of quinine sulfate and doxycycline. The other patients responded rapidly to therapy with clearance of parasitemia by the sixth day of therapy (range ‫ס‬ 5-6 days).
Subsequent epidemiologic investigations showed that these patients belonged to a group of 72 students who had flown into Singapore from Nigeria on September 5, 2005. These Nigerian students were participants in a one-year information technology course, and were all residing in a student hostel in the eastern part of Singapore. All were natives of Jigawa State in Nigeria but had spent four weeks in an orientation camp in Kazaure, Kano, Nigeria, just prior to their departure for Singapore. None had reported being sick while in Nigeria.
The local Ministry of Health was alerted to this unusually large cluster of cases. Health officers screened the entire remaining group of Nigerian students (total ‫ס‬ 65 students) by thick blood smears on three consecutive days, and found an additional 13 cases of P. falciparum malaria. An environmental survey was also conducted but no habitat conducive for breeding of Anopheles mosquitoes was found near the hostel. 6 Of these 13 cases, only 1 was symptomatic. Nine Nigerians with asymptomatic parasitemia were hospitalized at our institution on September 23; the other 4 cases were treated elsewhere. The demographic and clinical characteristics of these nine patients are shown in Table 1 (Patients H-Q). They had parasite loads ranging from 0.01% to 0.2%. Three (Patients I, N, and Q) had gametocytes on peripheral blood films. Two patients (P and N) reported previous malaria. One patient (Q) had a weakly positive reaction for IGM to dengue.
These asymptomatic patients were also treated with a seven-day course of quinine sulfate and doxycycline. Primaquine, with its gametocidal activity, was also prescribed at a dose of 15 mg, a day for 10 days, to patients with gametocytes detected on blood films. This treatment was given to minimize the risk of secondary transmission. Patient N developed tinnitus after four days of treatment and treatment with quinine was stopped. He completed a seven-day course of doxycycline. All the patients cleared their parasitemia by day 10 and were discharged. All 16 patients defaulted follow-up appointments subsequently. This is the largest cluster of imported malaria in Singapore to date. None had severe malaria and there were no deaths. Only 3 of 16 patients recalled a history of malaria, and none were taking chemoprophylaxis. Given that malaria is endemic in Nigeria, with up to one million new infections annually, and is a leading cause of death in pregnant women and children les than five years of age, 7 we surmise that most of these patients had previously been exposed to malaria, developed partial immunity, and had relatively mild infections as a result.
We treated these patients with quinine sulfate and doxycycline. In our experience, this combination of drugs is safe and effective, and is the first-line treatment for P. falciparum malaria locally. The World Health Organization now recommends artemisinin-based combination therapy for the treatment of uncomplicated P. falciparum malaria, 8 but artemisinin formulations were not available in our hospital at that time.
Despite a lower level of parasitemia, the average time to clearance was longer in the asymptomatic group (4.9 days versus 4.2 days). Correspondingly, the duration of hospitalization was also longer (5.6 days versus 4.7 days) in this group. This is probably attributable to gametocytes in the blood films of three patients. Locally there are guidelines that recommend keeping patients with malaria as inpatients until blood films are negative for the parasite to ensure compliance of therapy and minimize secondary transmission. None of the symptomatic patients had a sufficiently long period of infection for gametocytes to have developed. Three patients had serologic results suggestive of acute or recent dengue infection. Although dengue is also prevalent in Nigeria, 9 the time scale of events suggest that dengue was most likely acquired locally. Singapore was then in the midst of a dengue epidemic and the student hostel was situated in a neighborhood in which many cases of dengue fever had been reported. It is also possible that fever observed in patients B and F was attributable to dengue rather than malaria.
Based on their travel history and the incubation period of the parasite, it was surmised that these students had acquired malaria in Kazaure between August 28 and September 2, 2005. Further enquiries had confirmed a malaria outbreak in Kazaure during this period. 6 The reported high prevalence of asymptomatic parasitemia in Nigerians, up to 30.2% in one study on blood donors in a Nigerian hospital, 10 prompted our screening the entire cohort of students. Twelve (18.75%) of 64 asymptomatic students had P. falciparum at low levels (all < 0.5%) in their blood. A total of 27.8% of this cohort of students were had P. falciparum malaria. There were no reports of local transmission of P. falciparum malaria resulting from this large cluster of imported infection in the subsequent months. We believe that early diagnosis, treatment, and screening of the asymptomatic students prevented local transmission of the infection.
Our series re-emphasizes the vulnerability of receptive regions to the introduction of malaria in this age of increasing globalization and ease of travel. The current group of Nigerian students represents the first class of the local information technology course; at the time this report was written a second class of 128 students were undergoing orientation in Kano and were scheduled to arrive in Singapore soon. It is unlikely that none would be infected with malaria, and it is possible that some would be asymptomatic and would remain undiagnosed without screening, thus potentially serving as reservoirs for the introduction of malaria locally. Measures should be taken to ensure that they are tested, but it is difficult to enforce screening, treatment, and follow-up for individuals who refuse medical attention. Vigilance, active surveillance and inter-governmental co-operation will be the key to containment of infectious diseases, but preferences of the individual patient may occasionally be in conflict with public health interests and thwart such efforts. 
